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0 Power Bne communication interference preventing circuit 



© A tuned circuit [Rg. 2 (82)] Is provided for connection to a transmitter (Fig. 2 (68)] of a power line 
communication system. The tuned circuit comprises components selected to provide a low impedance path to 
ground for a power line communication signal [Rg. 1 (81)] of a preselected frequency. When the transmitter is 
not in the process of transmitting a power line communication signal, it causes a shorting switch [Rg. 2 (SW1)] 
to be closed which shorts a secondary windng [Rg. 2 (72)] of a transformer [Rg. 2 (T1) of the tuned circuit 
Therefore, during periods of time when the transmitter is not transmitting power line communication signals, 
spurious signals [Rg. 1 (82)] on the power line (Rg. 2 (12)] are diverted to ground and not permitted to travel to 
remote receivers [Rg. 1 (36A*36D)] connected to the power line distribution system. 
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POWBI UNE COMMUNICATION INTERFEReiCE PREVENTING CIRCUIT 



Elsctnc ufiliQ^ CQnnpsnfss utilizs powsr lln& comminfcsSon systsins to provfdo s mssns for a ca n t ra l 
station to coRinEiunieatB c o maiand signals to remote rec^teis wtiicii are focatsd at the sites of electric 
energy consumers, to some applications of power line cornmuntoatioFt systems, the remote receivers are 
configured as one-way devices whidi are able to receive commands from the central stotion and follow 
s those commands which are, typically. Instructions to shed a predetermined elecfrical load, such as a water 
heater or other nonessential devices, during periods of time when the electric utility experiences peak load 
demands. Power One communication systems can also be utilized in association with two-way remote 
devices which can also transmit information from the location of an electric energy consumer to the cental 
station. These types of devices can be used to transmit elecWc energy consumption infonnaton or other 
10 types of data 

In either a one-w*qf or-a tvo-way power line commutiicatfon system, a central station formulates a base 
band data message according to a. preselected protocol. This mrasage can be a command, intended for 
receipt by a remote receiver, to shed nonessential loads or to respwid with a subsequent transmission 
containing data relating to information that Is stored at the remote location. After the central station 
16 formulates the message in the form of base band data, the b^ band data bits are then used to modulate a 
high frequency signal. Although many different high frequency signals can be utitized in this type of system, 
a typical frequency is 12.5 kilohertz. The modulated signal is then Imposed on a power line that is 
connected to both the centrai station and the remote receivers to which the message is directed. When a 
remote receiver detects the presence of an incoming message on the power iine, it demodulates the 
20 message and examines the base band data bits contained therein. 

In a typical application, each remote receiver is provided with a unique address and. furthermore, 
groups of remote receivers are provided with block addresses. This permits the electric utility to ad dr es s 
each receivar incBviduaiiy when required or, altsmatively. to send a command message to an entire group 
of receivers simuBansousiy. When the central station wi^es to command a remote receiver to read ite own 
2 S meter values and respond >n«h a return transmisskm back to the central station contaiiting this rfafe». 
incDviduat addressing is ufiPized. However. If the centrai station wishes to cause a group of remote receivers 
to shed their loads during a peak demand period, block addressing is used. 

When a remote receiver detects that an incoming power line communication message is present on the 
power line, it detects the message and demodulates ft. Once demodulated, the message can be examined 
30 by the remote receiver to determine whether or not the message contains its proper individual a dd ress or 
block address. In this way, the remote receiver can determine whether the message is addressed to ft or to 
other remote receivers. If neither the block address nor the individual address contained in the message 
applies to the remote receiver, the message is ignored. 

U.S. Patent No. 4,065,763 cdsdoses a distribution network power line communication system and U.S. 

36 Patent No. 4,142,178 discloses a high voltage signal coupler that is used In a distribution network power line 
communication system. When power line communication signals are intended to travel a significant 
distance on the power line, repeaters are used to receive and retransmit the signals as they travel from the 
transmittor to the remote receiver. U.S. Patent No. 4,032,911 discloses a signal repeater for use in 
conjunction with a power line distribution system. 

40 A typical application of a one-way remote receiver that is capable of responding to load shed 
commands is disclosed in U.S. Patent No. 4,130,874 de^ribes a load management terminal having plural 
selectable address formats for a -power lino communication system. Also, U.S. Patent No. 4,355,303 
discloses a receiver for a distribution network power line communication system. 

When a remote receiver receives a message on the power lino, it must demodulate It to obtain the base 
46 band data signal contained therein. Although many types of modulation schemes are known to those skilled • * 

In the art, one particular type of modulation technique that is applicable to . power lino communication 
systems is a phase shift keyed (PSK) system. U.S. Patent No. 4,379,284 discloses a coherent phase shift 
keyed (CPSK) demodulator for use with a power line communication system. A distribution network 
communication system utilizing flexible message routes is disclosed in U.S. Patent No. 4.427,968. U.S. 

60 Patent No. 4,573,170 discloses an apparatus and method for sampling multiple carrier signals when the 
receiver is used in conjunction with a three phase power line and U.S. Patent No. 4,467,314 discloses an 
electric utility communication system with a field insulation terminal and a load management terminal. 
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^ more and more electrfc utility companies utilize the power lines to communicate with remote 
receivers, certain problems can be fficperienoed. If two power lines which employ these types of commu* 
nication systems are connected together, trananitted messages can travel along the power lines to 
destinations for which they are not Intended. This can occur when two independent power line communica- 
s tion systems are contained whhht a angts cfl^ ri faut ton system or when two cflstribution systems are 
contained within fire sane etectrlc utHity gifct Bcpa f enc e fndcates that poww line communication signals 
can be received from a transmitter that is over 75 miles away from the effected receiver and, theoretically, 
power line communication signals could travel in excess of 100 miles. Therefore, although there may be 
various deWces connected to power line systems that can effectively block the transmission of these 
to signals, it is apparent that, when a transmitter transmits a power line communication message, many 
unintended receivers can possibly receive the transmission. This situation presents two distinct problems. 
Rrst, a r^ivw could respond to a command that was not intended for Hs receipt and shed a load at an 
inappropriate time. Secondly, a receiver can be occupied in the process of receiving and demodulating a 
message that, was not intended for it and thereby ignore another message that Is Intended for its receipt 
m and response. 

V^ous techniques oe poserrtty being utifized to avoid these problems, but they are not infallible In 
operation. For example, vartous <fifferent frequencies are used by different power line communication 
systems. Since each receiver is provided with a demodulator that Is designed to receive and demodulate a 
particular frequency. It will ignore messages of different frequencies. However, the number of a ppi i fnhte 
20 frequencies is finite and the possibility exists that two independent power line communication systems wlH 
uBli» the same frequency. The use of Individual and block addressing is helpful in preventing a remote 
receiver from inadvertently following a command which is not intended for its receipt However, there is a 
finite limHation on the uniqueness of individual addresses and, in the case of block nrfHf pi ^s . It is likely 
that different electric utility companies will utilize similar numbering schemes to identify its block Addresses. 
25 Furthermore, even when addressing schemes can be used to avoid the situation in which a remote receiver 
inadveilentiy follows a command Intended for another receiver, the interference problem d escribed above 
still exists. A remote receiver can be occupied during the demodulation of a spurious message aid thereby 
miss the rec^ of a message intended for its response. 

Therefore, it wwld be helpful to develop a device that prevents the receipt of povrer fine communication 
w messes by receivers for which the messages were not intended regardless of the block Ad dr ess or 
individuai address contained in the message. 

The object of this invention therefore Is to provide a power line communication device that can be used 
to prevent the receipt of powo^ line communication messages by receivers for which the messages woe 
not intended. 

3S With this object in view, the present Invention provides a means for connecting a transmitter in signal 
communication with a power fine system. A transformer, having a primary winding and a secondary 
winding, is connected between the transmitter and the power line. The present invention is characterized by 
tneans which is provided for eledricaiiy tuning the circuit connected between the transmitter and the power 
line so that it provides a low impedance circuit path between the power line and ground potential for a 
40 preselected frequency. The present invention also provides a means for shorting the secondary winding of 
the transformer during time periods when the transmitter is not being utilized to transmit messages. 

The invention further provides that the circuit disposed between the power lino and the transmitter is 
tuned for the frequency that Is used for power line communication message intended for receipt by 
receivers that are associated with the transmitter. For example, if the transmitter and Its Assoc iated remote 
45 receivers utilize a 12.5 kilohertz frequency to be modulated with base band rtafa messages transmitted 
therebetween, the components of the circuit would be chosen to provide a tuned circuit that is tuned for 
12.5 kilohertz. 

The present invention will be more fully understood from a reading of the description of the preferred 
embodiment in conjunction with the drawing, in which: 

60 Rgure 1 illustrates an exemplary power line system with two transmitters and a plurality of remote 

receivers; and 

Rgure 2 illustrates the present Invention in greater detail along with a transmitter and a portion of a 
power line. 

The present invention relates generally to power line communication systems and, more particulaly, to 
66 a device for btocWng interference signals from traveling on the power line to remote recovers when the 
signals ae transmitted by other than a preselected transmitter. 
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The present disclosure is operative so that the transmitter used in association with the present invaition 
will maintain the shorted secondary of the transformer during periods when it is not transmitting messages. 
Immediately prior to the transmissiorr of power line communication signals, the transmitter opens the 
shorting means, or switch, and transmits its signals by hnpo^ng the modulated messages on the secondary 
s winding of the transformer. Immedatsfy after completing the transmission, the transmitter closes the 
shorting switch that shorts the secondary winding of the transformer. The components of the tuned circuit 
are chosen so that, in combination with the primary winding of the shorted transformer, they provide a low 
impedance circuit pdh between the power line and ground for the frequency of its modulated messages. 

During periods of time when the transmitter is not transmitting, any modulated signals appearing on the 
to power line between the transmitter and its remote receivers will experience a low impedance path to ground 
and will be diverted away from the remote receivers. During periods when the transmitter Is not transmitting, 
any spurious signals that emanate from a distant transmitter will therefore be diverted away from the remote 
receivers and inadvertent receipt of these transmissions by the ronote receivers will be avoided. When the 
secondary winding of the transformer is shorted, by a shorting switch, no’ signals of the prescribed 
TS frequency can travel on the power line to the remote receivers since these signals will be diverted to 
ground through the tuned cfrcuit of the present invention. 

Rgure 1 illustrates a portion of a typical power line system having a power generation station 10 
connected to a transmission line 12. In Rgure 1, two distribution systems are iilustrated. A first system 14 
receives its power from, the transmission line 12, along line 18. through a step down transformer 20 and 
20 along distribution feeder 22. The bus voltege deOvered to feeder 22 is further stepped down by transformer 
24 for a plurality of remote consumer locations, 26a-26d, which are connected to line 28. 

Similarly, a second distribution system 16 is connected to the transmission line 12 through line 30, step 
down transformer 32 and feeder 34. A plurality of consumer locations, 36a-36d, are connected to the 
distribution feeder 34 by another step down transformer 38 and line 40 as illustrated in Rgure 1. 

2 s It should be understood that other consumer locations would typically be connected to the feeder 22 in 
cfistribution system 14 and, ^milarly. other consumer locations would be connected to the feeder 34 of 
tfistribuHon system 16 as indicated by the dashed extension line of lines 22 and 34. Furthermore, it should 
be understood that each of the consumer locations 26a-26d and 36a-36d) is provided with a receiver 
^ the purposes of receiving signals transmitted by its associated transmitter. For example, transmitter 50 
SB is connected to distribution line 22 by a coupling capacitor 52 and can therefore transmit messages to Its 
associated remote receivers at locations 26a-26d. These transmission signals SI would be imposed on the 
power line by the transmitter 50 through coupting capacitor 52 and are Intended to pass along the feeder 
22, through transformer 24 and on line 28 to the remote receivers at locations 26a-26d. Similarly, to the 
second cBstribution system 16, a transmitter 54 is coupled to disfributlon line 34 by a coupling capacitor 58 
w for the puqjoses of transmitting signals to remote receivers located at locations 38a*38d. These signals S2 
are intended to travel through the coupling capacitor 56. along the feeder 34, through transformer 38 and on 
line 40 to the remote receivers at locattons 36a-36d. In this manner, transmitter 50 can communicate its 
command signals to its associated receivers at locations 26a-26d and transmitter 54 can transmit its 
command signals to its associated remote receivers at locations 36a-36d. 

40 As described above, problems can exist when two distribution systems, such as distribution systems 14 
and 16. are connected to a common transmission line, such as line 12 in Rgure 1. An exemplary problem Is 
illustrated in Rgure 1. A transmitted signal S2 from transmitter 54 is transmitted for the purpose of 
communicating a command signal to ite remote receivers at locations 36ar36d. but that signal S2 also 
propagates through substation power transformer 32, tine 30 and transmission line 12 toward distribution 
4s system 14. The signal can teen pass through sutetation power transformer 20 to feeder 22 and then, 
through transformer 24, to the remote receivers at locations 26a-26d. It must be understood that signal S2 
is not intended for receipt by the remote receivers in the first distribution system 14 and any receipt of 
signal S2 by the remote receivers in distribution system 14 is unintended and couid possibly cause ’ 

deleterious results. For example, the remote receiver at location 26a could possibiy have the same 
60 individual address as one of the remote receivers in distribution system 16 or the remote receivers at ^ 
locations 26a-26d could have the same block address as a block of receivers in the second distribution 
system 16. Even if this coincidence of identification addresses doss not occur, the remote receivers at 
locations 26a-26d could be occupied in the process of demodulating signal S2 while transmitter 50 attempts 
to transmit its own signal SI that is intended for receipt by these remote receivers of the first distribution 
56 system 14. If this occurs, it is likely that the remote receivers of the first distribution system 14 will Ignore 
signal Si because they are occupied with the effort of actively demodulating the slightly earlier signal S2 
and would normally consider signal Si to be signal noise. 
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The funrton of the present Invention is to permit the transmitters, 50 or 54, to block incoming signals 
from other disMbution systems and thus prevent those spurious signals from being transmitted along the 
power line to its associated remote receivers. For example, transmitter 50 would be equipped with the 
present invention so that it coukl block signal S2 from propagating to the remote receivers at locations 26a- 
£ 264 In operation, when transmitter 50 is not in the process of transmitting a signal to its remote receivers, it 
would doasp s shorting switeft that would cause the spurious signal S2 to pass directly from power 
transformer 20 to ground and therefore not propagate along feeder 22. Therefore, although the signal S2, 
transmitted by transmitter 54, would likely pass through transformer 32 onto transmission line 12, it would 
be diverted and not permitted to travel onto feeder 22 and its associated remote receivers. 

Ttt Rgure 2 illustrates the present invention in greater detail. It should be understood that the portion of the 
pw^ine system illustrated in Figure 2 is a portion of the larger segment of the power line system 
illustrated in Rgure 1. In Rgure 2, the transmission line 12 and its associated substation transformer 20 is 
strewn cannected to the feeder 22 in a manner similar to that shown in Rgure 1 of that portion of 
distributim. system 14. Vtowing Rgures 1 and 2 together, it should be understood that the transmitter 50 of 
re Rgure 1 is a simplified Illustration of a device which contains both a transmitter portion and a tuned drcutt 
porton. In Rgure 2, the transmitter portion is identified by reference numeral 64 and the tuned circuit 
portion Is identified by reference numeral 62. Both the tuned circuit portion 62 and the transmitter portion 64 
are represented, in a simpler form, by the box representing the transmitter SO In Rgure 1. 

The tuned circuit portion 62 of the present invention comprises a drain coll Li connected to a capacitor 
20 Cl and a matching inductor L2. These components, along with a protective gas tube 68, are connected to 
the primary winding 70 of a transformer T1. Transformer T1 has both a primary winding 70 and a 
secondary winding 72. The drain coil LI is connected to ground 74 as shown in Rgure 2. The other end of 
the drain coil LI is connected to the feeder 22 by a coupling capacitor 52 which was discussed above in 
conjunction with the distribution system 14 In Rgure 1. 

2 ff In the transmitter portion 64 of the present invention, a transmitter 66 is connected to the secondary 
winding 7 2 of transformer T1. A switch SW1 is provided and is connected between the termini of the 
snmritey wfrKfing 72. Switch SW1 is controlled by the transmittar or a relsted microprocessor and can be 
opei^ or closed on command. When transmitter 66 intends to transmits a message to its related remote 
rec aiyara, it opens switch SW1 and imposes the modulated signal onto the secorxlary wincSngs 72 of 
3B transformer Tt . However, when transmitter 66 is rret actively transmitting a message to its remote receivers, 
switch SW1 is closed and the secondary winding 72 of the transformer T1 is shorted. 

Whmr the secondary winding 72 of transformer T1 is shorted by the shorting switch SW1, the tuned 
drcuit 62 provides a low Impedance path through coupling capacitor 52 to ground 74 for a particular 
frequency. Although many different combination of components can be selected to provide a tuned circuit 
35 for a particular frequency signal. Table I illustrates an exemplary list of component values used in a 
preferred embodiment of the present invention for the purpose of providing a tuned circuit with a lower 
impedance path to ground for a signal of 12.5 kilohertz. 



TABLE I 

Reference Numeral Type or Value 



Cl 


1 pf, 600 VDC 


LI 


7 mh 


L2 


430 ph 


SWl 


Normally closed 




relay contact 


T1 


AdjustaOsle-tap 




matching 




transformer 


52 


-61 pf, 15 KV 


68 


TII 358 
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When switch SW1 Is closed and the secondary winding 72 of transformer T1 is shorted, the spurious 
signal S2 is dirarted to ground 74 and not along feeder 22. Referring again to Rgure 1 , the spurious signal 
S2 was transmitteEt by transmitter 54 with the intent of communicating a command message to its related 
remote reoeiveis ^ locations 36ar38d, but also propagated through transformer 32. along the transmission 
£ line 12. thraugfr sub^ott ftansformer 20 and onto feeder 22. Refening again to Rgure 2. the spurious 
ajgnd' ffithaf travete through substation transformer 20 passes directly to ground 74 because of the fact 
that the tuned circuit portion of the present invention provides an extremely low impedance path to ground 
74 and thus prevents the passage of the spurious signal S2 along feeder 22 toward the remote receivers at 
locations 26a-26d which are illustrated in Rgure 1. 

TO Although the present invention has been particularly described with reference to phase shift keyed 
(PSK) modulation techniques and an example of a 12.5 kilohertz signal has been used throughout this 
discussion, it should be understood that the present invention Is not limited to use with any pg» i»n'iqr 
frequency of sigrok The transmitter 66 that is utilized in association with the present invention can be 
virtually any type of ttansmittsr that is suitable tor imposing a signal onto the secondary winding 72 of a 
re transtonmec Tt. 



Clalins 

2a t. A pmrer line communication device, comprising: 

meaiE for conireeting a ttanstriitter in signal communications with a power One. said connecting means 
compri^ng a transtormer having a first and a Mcond winding, said second winding of said transfonner 
being connectable to said transmitter, said first winding of said transformer being connected in signal 
communication with said power line; and characterized by: 

2 S means eiecirically connected to said connecting means tor tuning said connecting means to pnsvide a low 
impedance drcuit path between said power line and gnoutto potential tor a preselected frequency signal 
when CTd second winding is shorted; and 

mearre tor shorting said second winding, said shorting means being switchable between a shorting portion 
and a nonshorting positton. 

30 2. The device of claim 1 wherein: 

said tuning means comprises an inductive portion and a capacitive portion, said inductive and capacitive 
portions being associated together to torm a circuit, said circuit being tuned to provide Mid low impedance 
path tor sdd preselected frequency signal when said second winding is shorted. 

3. The device of claim 1. wherein: 

35 said shorting means comprises a switch connected between termini of s^d second winding, said switch 
being operable between a first state and a second state, said second state being effective to short said 
second winding. 

4. The device of claim 3, further comprising: 

means for controlling said switch, said controlling means being associated with said transmitter to short said 
40 second winding when said transmitter is not transmitting. 

5. The device of claim 4, wherein; 

said controlling means is operable to cause said switch to assure said first state when said transmitter is 
transmitting. 

46 
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